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INTRODUCTION
Evidence has accumulated that the insulin-like growth factor (IGF) system plays an essential role in ovarian function [1, 2] . In follicular fluid, IGF-I and -II are bound to 1 Supported by Biotechnocentre/INRA and grant .96 from the Swiss National Science foundation. high-affinity IGF-binding proteins (IGFBPs) that regulate IGF bioavailability at the level of the target cells [3, 4] . Changes in the levels of IGFBPs in follicular fluid correlate with functional changes of the ovarian follicles. In particular, Western ligand blotting has shown that follicular growth is accompanied by a slight increase in the intensity of the 44-42 kDa IGFBP-3 doublet in sow [5] and ewe [6] and by a decrease in the level of IGFBPs of less than 40 kDa, as reported in ewe (IGFBP-2, -4, and -5) [6] , sow (IGFBP-2 and -4) [7, 8] , heifer (IGFBP-2, -4, and -5) [9, 10] , mare (IGFBP-2 and -4) [11] , and in women (IGFBP-2 and -4) [12] . In contrast, atresia is primarily associated with a strong increase in intrafollicular levels of IGFBP-2 and -4 (in all species) and -5 (in ewe and heifer) and a slight decrease in IGFBP-3 levels (in ewe) [6, 8, 9, 11, 12] . These changes in IGFBP levels result partly from changes in specific intrafollicular proteolytic activity. In particular, in the ewe and sow, Besnard et al. [13, 14] showed that follicular growth and atresia are characterized by, respectively, an increase or decrease in intrafollicular proteolytic activity degrading IGFBP-2, -4, and -5. Chandrasekher et al. [15] showed the presence of a proteolytic activity degrading IGFBP-4 in follicular fluid from human dominant estrogenic, but not in atretic follicles [15] . In a preliminary study, these authors also reported the presence of proteolytic activity degrading IGFBP-4 in follicular fluid from bovine dominant follicle [16] . To our knowledge, no data are available in the mare.
All these mammalian species have a positive relationship between IGF bioavailability and IGFBP-4 degradation. Moreover, sheep have a negative relationship between IGFBP-3 proteolytic degradation and IGFBP-5 levels on one hand and IGFBP-4 degradation on the other [6, 13] . Recently, we showed in the ewe that in cell-free experimental conditions, intrafollicular IGFBP-4 proteolytic degradation was enhanced by addition of IGF-I and inhibited by blocking endogenous IGFs after the addition of IGFBP-2 (mimicking atresia), IGFBP-3, or monoclonal antibodies raised against IGF-I and -II. Furthermore, in this species, IGFBP-4 proteolytic degradation was inhibited by C-terminal, but not by N-terminal, IGFBP-3 fragments and by peptides that contain heparin-binding domain (HBD) from IGFBP-3, IGFBP-5, vitronectin, connective tissue growth factor (CTGF), and heparan/heparin-interacting protein (HIP) [17] . Hence, in sheep, the increase in IGF bioavailability among growing follicles might participate in the increase in IGFBP-4 degradation, whereas the decrease in IGF bioavailability, resulting from the increased levels of IGFBP-2, and the increase in HBDs contained within IGFBP-3 and -5 C-terminal regions might be partly involved in the decrease in IGFBP-4 degradation.
In the present work, we characterized proteolytic activity degrading IGFBP-4 in follicular fluid from porcine, bovine, and, for the first time to our knowledge, equine preovulatory follicles. Moreover, we investigated if, as observed in sheep, IGFBP-4 proteolytic degradation in preovulatory follicles is modulated by IGFs, IGFBP-2 (whose levels increase in atretic follicles in all these species), IGFBP-3, or peptides that contain HBDs.
MATERIALS AND METHODS

Materials
Altrenogest was obtained from Roussel-Uclaf (Romainville, France). Norgestomet implant was obtained from Intervet (Angers, France). Estrumate was obtained from Pitman-Moore (Meaux, France). Détomidine and prifinium bromide (Prifinial) were obtained from Smith Kline & French (Courbevoie, France) and Vetoquinol (Lure, France), respectively. Mixtencilline, penicillin, and dihy- -3) , equine (lanes 4-6), and bovine (lanes 7-9) preovulatory follicles were incubated for 20 h at 37ЊC with IGFBP-4 (150 ng; lanes 2, 3, 5, 6, 8, and 9) in the presence (lanes 3, 6, 9) or absence (lanes 2, 5, 8) of IGFBP-2 (160 ng) in a final volume of 10 l. Lanes 1, 4, and 7: samples stored at Ϫ20ЊC. Samples were analyzed by immunoblotting using a specific polyclonal antibody raised against IGFBP-4 as described in Materials and Methods. 143 ), both synthesized from IGFBP-5, were obtained using the t-bag technique as described elsewhere [20, 21] . Synthetic peptide spanning the C-terminal region of human CTGF (or IGFBP-related protein 2), CTGF 247-260 (EENIKKGKKCIRTP), was synthesized and received as a cleaved PepSet [22] . The synthetic peptide containing the HBD of HIP (CRPKAKAKAKAKDQTK) was kindly provided by Dr. D.D. Carson (Houston, TX). The synthetic peptide containing an HBD derived from the p36 subunit of annexin II tetramer (KIRSEFKKKYGKSLYY) was obtained from Dr. D.M. Waisman (Calgary, Canada). Synthetic peptides derived from the HBD of vitronectin, VN1 ( 341 APRPSLAKKQRFRHR 355 ), VN3 ( 357 RKGYRSQRGH-SRGR 370 ), VN5 ( 371 NQNSRRPSRATWL 383 ), and vitronectin multimeries were kindly provided by Dr. K.T. Preissner (Bad Nauheim, Germany). Mouse monoclonal antibody against IGF-I was a gift from Dr. J. Closset (Liège, Belgium), and mouse monoclonal against IGF-II was obtained from Amano Pharmaceutical Co. (Nagoya, Japan). Rabbit polyclonal antiserum against IGFBP-4 was purchased from Ubi (Lake Placid, NY). Antirabbit immunoglobulin (Ig) G antibodies coupled to horseradish peroxidase were purchased from Dako (Trappes, France). Nitrocellulose membranes were purchased from Schleicher and Schuell (Ecquevilly, France), and the enhanced chemiluminescence detection system for immunoblots was obtained from Amersham (Les Ulis, France).
Animals and Treatment
All procedures were approved by the agricultural agency and scientific research agency (approval number A37801) and were conducted in accordance with the Guidelines for Care and Use of Agricultural Animals in Agricultural Research and Teaching.
Sows. Two cyclic adult Pietrain ϫ Large-White sows were synchronized by daily feeding of 20 mg of Altrenogest for 15 days, as described elsewhere [14] . Female sows were slaughtered 96 h after progestin withdrawal (i.e., at the end of the follicular phase). Follicular fluid from large follicles (Ͼ7 mm) were aspirated by puncture and individually stored at Ϫ20ЊC. A mean of 15 preovulatory follicles was recovered from each sow.
Mares. As described elsewhere [11] , 12 cyclic Welsh pony mares were treated with 125 g of prostaglandin F 2␣ analogue (Estrumate) during the midluteal phase to induce luteolysis. Ovarian activity was then assessed by routine transrectal ultrasonic imaging (Aloka 210 with a 5-MHz linear probe; Société Bernard, Nantes, France). Follicle diameter was estimated by averaging two cross-sectional measures of follicles, and follicular morphology was judged by the presence or absence of echogenic dots in follicular antrum. One healthy growing follicle per animal was punctured at the end of the follicular stage (33-35 mm) in each experiment. Follicular fluid was aspirated by transvaginal ultrasound-guided follicular puncture with a 7.5-MHz sectorial probe (Kretz, Soframed, Truchtersheim, France) coupled to a sterile, single-lumen needle (length, 60 cm; Thié-baud Frères, Jouvernex Margencel, France), as described elsewhere [23, 24] . Follicular fluid samples were then immediately aliquoted and stored at Ϫ20ЊC until analysis. Before each puncture session, mares were sedated by a single injection of 0.2 ml détomidine i.v. (Domosédan, 1 mg/100 kg body weight [BW]). Prifinium bromide (Prifinial) was injected (15 ml i.v., 45 mg/100 kg BW) to ensure rectal relaxation. After puncture sessions, the mares were injected with an antibiotic (Mixtencilline, 20 ml i.m., 1 600 000 IU penicillin/100 kg BW, and 1.3 g dihydrostreptomycine/100 kg BW).
Heifers. Estrus cycles were synchronized in 12 Charolais heifers with a Norgestomet implant for 10 days. Beginning on Day 4 (Day 0 ϭ day of estrus), each heifer was treated with a decreasing-dose regimen of twice-daily i.m. injections of purified porcine FSH for 4 days (5, 5, 4, 4, 2, 2, 1, and 1 mg/injection, total dose ϭ 24 mg). Luteolysis was induced at Day 6 with 15 mg of prostaglandin F 2␣ analogue (Estrumate) given i.m. Heifers were slaughtered 24 h after the end of FSH treatment. Follicular fluid from each follicle (diameter, Ͼ6 mm) was collected by puncture and centrifuged at 300 ϫ g for 5 min. The supernatant was then stored at Ϫ20ЊC.
Follicular Fluid and Classification
Porcine, bovine, and equine follicles characterized by the presence of IGFBP-3 and the absence of IGFBP-2, -4, and -5 were considered as being preovulatory, whereas follicles characterized by high levels of IGFBP-2 or of IGFBP-2, -4, and -5 (heifers) were considered as being early and late atretic follicles, respectively [5, 7, 9, 11, 14] . The status of follicles was confirmed in heifers and mares by measuring estradiol concentration in follicular fluid (data not shown). Five porcine, seven bovine, and 12 equine preovulatory follicles were used for the following experiments.
Studies of IGFBP-4 Proteolysis in Preovulatory Follicular Fluid
Two microliters of follicular fluid were incubated in a solution of 20 mM Tris (pH 7.6) containing 137 mM NaCl (TBS) and 0.1% BSA with 20 ng of IGFBP-4, with or without exogenous IGFBP-2, -3, -3mHBD, monoclonal antibodies against IGF-I or -II, synthetic peptides, and in the presence or absence of exogenous IGF-I, -II, or LongR3-IGF-I for 20 h at 37ЊC (final volume, 10 l). At the end of the incubation, samples were analyzed by Western ligand blotting (WLB) or immunoblotting (described later). In other experiments, to test the ability of exogenous IGF-I to enhance intrafollicular degradation of IGFBP-4, follicular fluid from preovulatory follicles was incubated with IGFBP-4 for 1 h in the presence or absence of IGF-I.
Western Ligand Blotting
The IGF-II was iodinated by the iodogen method and purified by Sephadex G-50 chromatography using a 0.1 M ammonium acetate elution buffer. Western ligand blotting was performed according to the method of Hossenlopp et al. [25] as modified by Monget et al. [6] . Samples were electrophoresed on a 12% SDS-polyacrylamide gel under nonreducing conditions. The proteins were then electrotransferred onto nitrocellulose filters (pore size, 0. ward, filters were washed with PBS containing 0.1% Tween-20, air-dried, and exposed to Hyperfilm MP (Amersham, Arlington Heights, IL) with an intensifying screen at Ϫ70ЊC or to a phosphor screen for quantification.
Immunoblotting
After electrophoresis and electrotransfer of proteins as described for WLB, nitrocellulose filters were treated for 2 h at room temperature with TBS containing 10% nonfat dry milk (NFDM) and 0.2% Tween-20 v/v to saturate nonspecific sites. Thereafter, filters were incubated for 1 h at 37ЊC in TBS containing 5% NFDM w/v, 0.05% Tween-20, and antibodies against IGFBP-4 (final dilution, 1:1000). Once washed in TBS containing 1% NFDM and 0.2% Tween-20, nitrocellulose filters were incubated for 1 h at 37ЊC with an antirabbit IgG antibody coupled to horseradish peroxidase (final dilution, 1:2000). After washing, the signal was revealed by chemiluminescence detection.
Quantification of WLB
Quantification of WLB was performed by a PhosphoImager (Storm/Image Quant; Molecular Dynamics, Sunnyvale, CA). Quantification was performed as described elsewhere [13] . Briefly, the amount of radiolabeled IGF-II bound to each IGFBP was expressed as the integrated optical density (IOD) of the corresponding band in arbitrary units. The extent of IGFBP-4 degradation by follicular fluid was determined as the difference I Ϫ20 ϪI 37 , where I Ϫ20 is the IOD of the IGFBP-4 band from samples not incubated and 
RESULTS
IGFBP-4 Proteolytic Degradation in Porcine, Bovine, and Equine Preovulatory Follicles
As previously described in the ewe [13, 17] , incubation of 2 l of follicular fluid from bovine, porcine, and equine preovulatory follicles with 20 ng of IGFBP-4 for 20 h at 37ЊC led to complete disappearance of IGFBP-4 as assessed by WLB (Fig. 1A , lane 2 vs. 1) and to generation of 19-and 15-kDa fragments that failed to bind IGFs as assessed by immunoblotting (Fig. 2) . As in ovine [13] and porcine [14] follicles, IGFBP-4 proteolytic degradation in bovine and equine follicles was maximal at a pH of 7.4-7.6, was inhibited by EDTA and 1-10 phenanthroline but not clearly by other protease inhibitors, and was minimal in atretic follicles (data not shown). Thus, in several domestic animal species, IGFBP-4 is degraded by metallodependent proteases in preovulatory, but not in immature, follicles.
IGF-Dependence of IGFBP-4 Proteolytic Degradation
We tested the effect of exogenous IGF-I on IGFBP-4 degradation by incubating preovulatory follicular fluid with IGFBP-4 and IGF-I for 1 h. In these conditions, addition of 200 ng of exogenous IGF-I led to enhancement of IGFBP-4 degradation (Fig. 3, A and B) .
When incubation of follicular fluid from bovine, porcine, and equine preovulatory follicles was performed for 20 h, addition of increasing amounts of IGFBP-2 or -3 or addition of antibodies against IGF-I or -II to the incubation medium led to dose-dependent inhibition of IGFBP-4 proteolytic degradation (Figs. 1, A and B, and 4) . Inhibition of IGFBP-4 proteolytic degradation by IGFBP-2 was confirmed by immunoblotting (Fig. 2) . Addition of increasing concentrations of IGF-I and -II dose-dependently reversed the inhibitory effects of IGFBP-2, -3, and antibodies against IGF-I and -II on IGFBP-4 degradation (Fig. 5, A and B) . In the same conditions, LongR3-IGF-I led to a weak reversion of IGFBP-4 proteolysis (Fig. 5, A [b, lanes 7-9] and B). All these results suggest a role of IGF bioavailability in the regulation of IGFBP-4 degradation in follicular fluid from these species.
Effects of Synthetic Peptides on Intrafollicular IGFBP-4 Proteolytic Degradation
Recently, in ovine preovulatory follicles, we showed that C-terminal domain derived from IGFBP-3 as well as hep- arin-binding peptides from IGFBP-3, -5, vitronectin, and CTGF could inhibit IGFBP-4 proteolytic degradation. In follicular fluid from the sow, heifer, and mare, heparinbinding peptides derived from the C-terminal region of IGFBP-3 (P3) and -5 (P5) could also inhibit, in a dosedependent manner, IGFBP-4 proteolytic degradation (Fig.   6 ). Furthermore, among the other heparin-binding peptides tested, HIP peptide, vitronectin-derived peptides VN3 and VN1 (containing the consensus HBD XBBXBX), and CTGF 247-260 at 5 g/10 l could inhibit IGFBP-4 degradation in bovine and equine preovulatory follicular fluid (Fig. 7) . In contrast, in porcine preovulatory follicular fluid, At the end of the incubation, samples were submitted to WLB, and quantitative analysis was performed as described in Materials and Methods. Sow: experimental data were expressed as the mean Ϯ SEM on three preovulatory follicles, except for the doses of 0.5 g (P3 and P5, n ϭ 1) and 10 g (P3 and P5, n ϭ 2). Heifer: experimental data were expressed as the mean Ϯ SEM on three preovulatory follicles, except for the doses of 0.25 g (P3 and P5, n ϭ 1), 0.5 g (P5, n ϭ 2), and 5 g (P3 and P5, n ϭ 2). Mare: experimental data were expressed as the mean Ϯ SEM on three preovulatory follicles, except for the doses of 0.06 and 0.125 g (P3 and P5, n ϭ 2) and 2 g (P3, n ϭ 2). At the end of the incubation, samples were submitted to WLB, and quantitative analysis was performed as described in Materials and Methods. Experimental data are expressed as the mean Ϯ SEM on two to six follicles for each species. *P Ͻ 0.05, **P Ͻ 0.01, ***P Ͻ 0.001. none of these peptides at the concentration used in these conditions could inhibit IGFBP-4 proteolytic degradation (Fig. 7) . Peptides derived from the vitronectin (VN5), vitronectin multimeries, and peptides P1, P4, and PA5 had no effect on IGFBP-4 proteolytic degradation, but a weak effect of the p36 subunit of annexin tetramer II was observed in the mare (Fig. 7) .
Effects of IGFBP-3mHBD on Intrafollicular IGFBP-4 Proteolytic Degradation
To assess whether the IGFBP-4 degradation induced by IGFBP-3 was mediated by its carboxy-terminal HBD, we tested the ability of a full-length IGFBP-3 protein mutated in the HBD region (IGFBP-3mHBD: 215 KNGFY-HSRQCETSMDGEA 232 ) to inhibit IGFBP-4 proteolytic degradation. In contrast to native IGFBP-3, IGFBP3mHBD only slightly inhibited IGFBP-4 degradation in porcine, bovine, and equine preovulatory follicles (Fig. 8,  A and B) .
DISCUSSION
From our previous results and the present data, preovulatory follicles from all domestic animals studied contain a metallodependent proteolytic activity degrading IGFBP-4 [17] . To our knowledge, this is the first time such an activity has been described in equine preovulatory follicles. Moreover, several observations strongly suggest an IGFdependent regulation of IGFBP-4 proteolytic degradation in porcine, bovine, and equine follicular fluid. First, in these species, addition of IGF-I to follicular fluid from preovulatory follicles enhanced IGFBP-4 degradation. Second, addition of IGFBP-2, -3, and monoclonal antibodies against IGF-I and -II dose-dependently inhibited IGFBP-4 degradation. This inhibition was dose-dependently reversed by IGF-I and -II but only poorly reversed by LongR3-IGF-I. These results are similar to those that we recently obtained with ovine preovulatory follicular fluid [17] . Similarly, Cwyfan Hughes et al. [26] showed that IGFBP-1, -2, and -3 inhibited IGFBP-4 degradation in human preovulatory follicles in vivo. In several in vitro models as well, addition of IGFBP-2, -3, -5, and/or -6 inhibited IGFBP-4 degradation, which was an effect reversed by IGFs [27] [28] [29] [30] . All these results suggest that in growing follicles of mammalian species, the increase in IGF bioavailability participates in the increase in IGFBP-4 proteolytic degradation. In contrast, the decrease in IGF bioavailability in atretic follicles, resulting in part from an increase in IGFBP-2 and -5 (in heifer) levels, may be involved in the decrease in IGFBP-4 degradation.
Recently, we showed that HBD from IGFBP-3 and -5 could inhibit the IGFBP-4-degrading proteases in ovine follicles [17] . Similarly, Fowlkes et al. [28, 29] showed that the C-terminal fragment of IGFBP-3, as well as peptides derived from the C-terminal HBD of IGFBP-3, -5, or -6, could inhibit IGFBP-4 degradation in conditioned medium of murine bone cells. In the present work, we showed that peptides containing an HBD from IGFBP-3 (P3) and -5 (P5) could inhibit, in a dose-dependent manner, IGFBP-4-degrading proteases in porcine, bovine, and equine follicles. Except in porcine follicular fluid, peptides that contain an HBD from HIP, vitronectin (VN1, VN3), and CTGF (CTGF 247-260 ) inhibited IGFBP-4 degradation in bovine and equine follicular fluid. The specificity of these peptides was confirmed by the absence of inhibition induced by the peptides P1, P4, or PA5, which cannot bind heparin [21] . Moreover, the ability of basic rich-peptides to inhibit intrafollicular IGFBP-4 degradation was not correlated with their ability to bind heparin. Indeed, the peptide derived from the p36 subunit of annexin II tetramer, although able to bind heparin with high affinity [31] , was not able to inhibit IGFBP-4 degradation in bovine and porcine follicles and had only weak effects in equine follicles. Overall, as in ovine ovary, these data suggest some specificity in the inhibition of intrafollicular IGFBP-4 degradation by heparin-binding peptides. Interestingly, the P5 peptide and the vitronectin peptide (VN 357-370 ) have recently been shown to directly modulate plasminogen activation to plasmin [32, 33] . Finally, in porcine, bovine, and equine follicles, IGFBP-3 mutated in its heparin-binding region (IGFBP3mHBD) only slightly inhibited IGFBP-4 degradation compared with wild-type IGFBP-3. Of note, IGFBP-3 mutant had an IGF-binding affinity equivalent to that of the intact IGFBP-3 (data not shown) [17] .
As in ovine follicular fluid, our results suggest two mechanisms of regulation for IGFBP-4 proteolytic degradation in bovine, porcine, and equine preovulatory follicles. First, IGF dependence is suggested, because in the presence of only endogenous IGFBP-3 (likely of seric origin and complexed to endogenous ALS and IGF-I) and exogenous added IGFBP-4, IGF-I enhanced, whereas monoclonal antibodies against IGF-I and -II inhibited, IGFBP-4 degradation. In these conditions, IGF dependence could result from conformational changes of IGFBP-4 on binding to its ligand, leading to the protease being able to accede to the cleavage site, as suggested by others [34] [35] [36] . Second, inhibition of IGFBP-4 degradation by IGFBP-heparin-binding peptides is supported by the strong inhibition of IGFBP-4 proteolytic degradation induced by heparin-binding peptides derived from IGFBP-3, -5, CTGF, or other proteins different from IGFBP (vitronectin, HIP). Furthermore, IGFBP-3 mutated on its HBD only slightly inhibited the IGFBP-4 proteolytic degradation compared with intact IGFBP-3. Based on this latter experiment, reversion of the IGFBP-3 effect by IGF may result from the ability of ligand to impair the interaction of IGFBP-3 with IGFBP-4 protease by masking its HBD, as suggested by Fowlkes et al. [28, 29] . Of note in the present study, addition of exogenous IGFBP-3 to porcine, bovine, and equine preovulatory follicular fluid is ''nonphysiological,'' in that such an increase in levels of intrafollicular free IGFBP-3 does not occur in vivo. In contrast, the inhibition of intrafollicular IGFBP-4 proteolytic degradation by IGFBP-2 is of physiological relevance, because IGFBP-2 levels increase in porcine, bovine, and equine atretic follicles. In these conditions, inhibition of proteolytic degradation may result from both sequestration of IGFs and direct interaction with protease. In particular, IGFBP-2 can bind heparin, although further studies are needed to identify its HBD [20, 37, 38] . One may hypothesize that the lesser efficiency of IGFBP-2 for inhibiting IGFBP-4 degradation compared with the efficiency of IGFBP-3 results partly from its lower affinity for heparin [20] .
As stated above, inhibition of IGFBP-4 degradation by IGFBP-2 is of physiological relevance in all these species. In contrast, inhibition of IGFBP-4 degradation by P5 peptide is physiologically relevant only in bovine and ovine follicles. Indeed, late atresia is characterized by a high increase in intrafollicular levels of IGFBP-5 in bovine and ovine but not in porcine and equine species. One could hypothesize that proteins different from IGFBP-5, but containing similar HBDs, could modulate in vivo intrafollicular IGFBP-4 degradation in these species. In favor of this hypothesis is that HIP and vitronectin modulate the coagulation proteolytic cascade via their HBD [32, 39] . Moreover, both proteins and CTGF are ubiquitously expressed. For example, a high expression of HIP and CTGF has recently been found in rat testis and porcine ovarian follicles, respectively [40, 41] .
In the present work, one can note some species differences in the regulation of intrafollicular IGFBP-4 degradation. In particular, porcine preovulatory follicles appeared to contain higher IGFBP-4 proteolytic activity than bovine, equine, and ovine follicles: nearly 50% of exogenous, added IGFBP-4 was degraded after 1 h of incubation, compared with 25% in bovine follicles, 10% in equine follicles, and 40% in ovine follicles [17] . Furthermore, P3 and P5 peptides as well as IGFBP-2 and -3 inhibited IGFBP-4 degradation in porcine follicular fluid to a lesser extent than in bovine or equine follicular fluids. Finally, in porcine follicular fluid, none of the HBD-containing peptides at the concentrations used could inhibit the IGFBP-4 proteolytic degradation. This latter difference could be explained by a difference in concentration of proteases and/or in their efficiency (less for endogenous protease inhibitors). It could also result from a difference in the nature of the zinc-dependent metalloprotease responsible for degradation of IGFBP-4 in these species [13, 14] .
In conclusion, we have shown that in bovine, porcine, and equine ovarian follicles, IGFBP-4 proteolytic degradation is IGF-dependent and inhibited by IGFBP-3 and -5 C-terminal domain as well as by peptides containing an HBD (Fig. 9) . These data suggest that in these three species, as in sheep, the increase in IGFBP-2 expression in atretic follicles participates in the decrease in IGFBP-4 degradation, with the specific mechanism remaining to be elucidated ( Fig. 9-2) . Furthermore, in bovine late atretic follicles, the increase in IGFBP-5 expression might strengthen the inhibition of IGFBP-4 degradation, with this inhibition being partly mediated by direct interaction of the C-terminal HBD of IGFBP-5 with IGFBP-4 proteinases (Fig. 9-3) . Involvement of other proteins containing HBDs, such as CTGF, HIP, or vitronectin, in modulation of intrafollicular IGFBP-4 degradation as well as the consequence of this degradation on IGF-dependent or independent biological effects on granulosa cells remain to be investigated.
